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Introduction 


About thirty years ago Porter (11) made the first important 
survey to détermine relationship between physical measurements and 
mental ability. Using grade and age as his standards of mental 
ability, he decided that the accelerated in school were also accel- 
erated in physical growthe Christopher (2) and Smedley (13) 
eonfirmed his results, concluding that there was a constant correla- 
tion between standing in phystoal_ moasurenente and mental ability. 

_ Others whose investigations led them to agree with these results 

_ were MaeDoneald (10), De Busk (3), Beyer (1), Kline (9), Gratsianoff 
(8), and Sack (12). Doll (4), working more recently, in the 
Training Sehool at Vineland, found quite a definite relationship 
between degree and kind of feeble-mindedness, and physical inferior- 
tiene The chief investigator to obtain results opposed to theese is 
_ Gilbert (8) ind (7), in his work on New Haven school children, and 
on Iowa school children and college studenise The consensus of 
opinion seems to be, however , that with the average run of publie 
school children, there is a definite and eonstant cortelation 
siete ‘skesseal development, especially grip and lung capaaite, 
and mental sbilitye A recent study by Garrison and Pullias (5) 
furnishsé still more positive evidence along this line. 


This is merely a suggestion of the work that has been done 
but a full bibliography on the subject ean be found in Whipple's 


Manual (15). For this survey of The Perkins Institution, Doll's 
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method of obtaining and treating results has been followed more 
closely than any other. At present, there is no means of determining 
_ whether or not the results of the tests upon the 263 blind children 
and young people here is fairly representative of the state of affairs 
in the blind population at large, although no significant mental or 
educational differences were diseovered in the survey of ten deb ie 

_ for the blind, by Hayes end his assistants, in 1919-1920. 

In sehools for the blind, like the Perkins Institutions, the 
feeling is often expressed by the teachers that they have more than 
their share of pupils whose accomplishment ability is noticeably 
inferior to their general intelligence as judged by the Irwin-Binest — 
tests. It has been thought that the chief reason for this is 
probably inherited physical inferiority, because there are so many 
hére whe come from the less efficient classes of socibtty. Bad home 
environment has undoubtedly played its part, too. So many parents 
either overwhelm thetr blind children with illeadvised kindness, or 
else utterly neglect them. Yet it has been impossible not to feel 
that a child's intelligence level must influence to some degree his 
willingnass to submit to an inert existence, and thus, also, affect 
his accomplishment in schoole Consequently, when it was necessary to 
test the whole school for standing height, weight, and lung capacity, 
the opportunity was weized to obtain a eomplete psycho-physical sur- 
VEye Acknowledgment is gratefully made of the valuable assistance 


given by Dre Samuel P. Hayes of Mount Holyoke College. 
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a a Apparatus and Method 


Psychoephysiecal measurements were first made at the Perkins 
Institution some siz years azo by Miss Edith Taylor, who had used 
them under Dre Doll at Vineland. Most of the apparatus needed for 
the survey was, therefore, already at hand. 

Stadiomster. 

The Narragansett Machine Co. stadiometer is particularly weil 
adapied for a survey of this sorte The rod is set on a box fifteen 
inehes high. This makes it possible to take sitting height with 
the least expenditure of time. The rod is also fitted with a eross- 
beas, whieh is brought down until it gently touches the tep of the 
subject's heads The seale is graduated both by centimeters and by 
inchese For standing height, the subject stands on the box, as 
straight as possible, heels together against the rod. The pupils 
were not asked to remove their shoes, because it had been found that 
the height of heel was fairly constant. Doll considered that there 
might be a constant plus error of about 1 cme, in his tests at 
Vineland. The plus error here is more nearly 2 eme 

Sealese 

For weight, a two-beam scale, marked to tenths of pounds and 
twentieths of kilograms was used. The subjects were weighed with 
their clothing one According to Baldwin, this involves a constant 
erpor of approximately .75 kgse for children under twelve, and 1.1 
kee for those over twelve years of agee These results would be 
comparable with Smedley's, since he took weight measurements without 


having the subjects remove their clothes. 
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Dynamometer 
The right and left grip were found with the Smedley dynamome- 


ter, which is adjustable to the sixe of the subject's hands The 
movable stirrup was regulated so as to bring the ns edge as nearly 
te the second joint of the Pingers as possible, when the outer edge 
was pressed against the base of the thumb. In the cases of sane of 
the younger or the less competent pupils it was necessary for the 
examiner to hold the baek of the instrument, carefully. It proved 
very interesting to watch the various methods used by the pupils in 
their efforts to raise their score. The subject was given three 
trials with each hand, alfernating right and left, the highest result 
for each being considered his scores 
Spirometer 

The Stoelting wet-spirometer wes used for testing lung or vital 
eapseitye Diff erences of five cubie inches are the smallest that are 
indicated on this spirometer, but this is aecurate enough for all 
practical purposes. The measurements were changed to cubic eenti- 
meters, to make them comparable with Smedley'’s results. Although 
the term “lung capacity” is generally used in this paper, what is 
really tested is the “vital capacity", since there is always a 
residuum of air left in the lungs, which cannot be expelled. The 
pupils were allowed three trials, the best of the three being 
recorded as the score. With this and with the dynamometer test,it 
was often necessary to let the subject experiment a little, before 
the actual measurements were made, because the younger or more back- 
ward pupile did not always grasp the idea from being told. They 
could not profit by watching someone else do the tests, and so had 


to discover how by trial and error. 
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freatment of Data 


The entire school was so interested in these tests that the 
results probably represent the best efforts of all the pupils. A 
sample of the individual record blank is found on page 9eThese had 
been modeled by Miss Taylor after the ones used by Doll at Vineland. 
The percentile tebles worked out by Fred Warren Smedley, in Chicago, 
and published in Child-Study Report Noe 3, have been used in this 
report as the basis for comparing the blind students here with the 
average outsider of the same age and sexe This Child-Study Repart, 
bssued by the Department of Child-Study and Pedagogie Investigation 
of the Chicago Public Schools, is now out of print, and so the liber- 
ty is taken ef quoting from Doll's Anthropometry as an Aid to Mental 
Diagnosise Doll quotes from the report as follows: 

"fables have thus been produced which will be of especial ser- 

_ viee_in the Child-Study Laboratory and of value to all who make a 
study of individual children. By means of these tables one ean deter- 
mine closely how a given child compares with others of his age. 

These percentiles have been obtained in the following manner: The 
individual eards on which the measurements wete recorded when the 
ehild was tested were arranged according to the size of the pupils 
in each measurement, grouped separately for each age in yearse . The 
minimum measurement in each such grou® gave the sero percentile for 
that groupe To determine the ten percentile for that grou®, ten per- 
eent of the number of cards was removed, beginning at the minimal 
end, and the highest measurement on the cards so removed was recorded 


as the maximum measurement being recorded as the one hundred pereent- 
ile." 
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Then Doll gees on to say, that "To derive a comparison percentile 
from the numerical Savio dime refers to the proper table for age and 
sex, and there, by inspection and a simple method of interpolsiion, 
finds the exact position of the individual in each measurement on 
_the seale of 100. Specifically, to find the exact interpolated 
percentile of any measurement: first, find, the table correeponding to 
the subject's sex, and to his. age at the last birthday; second, for 
each measurement find the two percentiles of the tabie between which 
the given measurement. lies; subtract the value of the lowér limiting 
p ercentile from the given measurement; fourth, divide this difference 
by the difference between the values of both limiting percentiles; 
fifth, multiply this desimal by 10 (the difference between the two 
percentiles) and add to the lower limiting percentile. 

"For the treatment. of values above the 100-percentile we have 
assumed the difference between the 90-persentile valud and the 
100-percentile value {for each table and measurement) to be sonstant, 
applying equally to kypothetical percentile groufs beyond the 100- 
percentile; similarly for values falling below the O-percentile 
¥alue we have assumed the difference between the l0-percentile value 
and the O-percentile value to be constant, operating equally to suc- 
eessive pypethetical percentile groups below Oe Thus, to determine 
the percentile for.a value which lies beyond the highest limit of a 
table, subtract the 100-pereentile value from the given value, divide 
this difference by thé difference between the 90-percentile value 
and the 100-pereentile value, multiply this quotient by 10 and add 
the result to 100. Similarly, for a value which lies below the lowest 
limit of a table, subtract the O-percentile value algebraically from 
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the given value, divide this difference by the difference between 


the O-value and the l0-value, multiply by 10 and add to 0, retaining 
the algebraic sign. This method is obviously open to evror, but 
erate superior to other methods which have suggested themselves. The 
error is probably not great, and such as it is operates in favor of 
the compared watke » since the difference between values for the suc- 
cessive percentiles increases geometrically rather than arithmetical- 
ly as the percentile lies farther above or below 50, the mediane 

"To relate these derived percentiles to each other graphically 
they may be plotted on graph sheets in whieh the separate measure- 
ments are represented along the abscissae and the rercentiles along 
the ordinates of artifically constructed co-ordinate points, ******* 

"To graph the parebetites of the measurements, place a point on 
the graph sheet midway in the space for each measurement at a height 
eorresponding to the computed percentile for that measurement. ‘To 
draw th® “curve” connect successive points by straight lines from 
“left to right. To draw the “slope” for the curve, average the first 
_ three pereentiles (physical), and the second three (psycho-physical); 
locate the physical average as an ordinate in the space for sitting 
height, and the psychoephysical average - an ordinate in the space 
for left gripe Connect these points by a straight lines 

“The age for which each measurement is most nearly average may 
: ‘be found by seeking the age-tables (for the sex) in which the meas- 
urements most closely approximate the 50-percentile, which may be con- 
sidered the average (more exactly, the median) for each ege." (In 
the case of the girl whose record is given on page 9, the standing 


height is most nearly average for twelve year, but is even then 
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only at the l4-percentile. Sitting height and weight are most near a‘) 
_ ily average for age thirteene Those three averaged, give the age at ae 
‘Which the child's curve is most nesrly tiormal, which is age thir- ae 
teen, in this instance. ) . 
Except for the twenty-five or twenty-six pupils who were within 
less ae to months of their next birthday, age has been figured 


from the last birthday, as Smedley and Doll did. Correlations for 
the girls have not been figured because we found no significant ones 
for the boys. It seemed certain that the girls, with their lesser 
amount of physical exercise, would not furnish correlations of any 


more valuee 
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PERKINS INSTITUTION AND MASSACHUSETTS SCHOOL 
-FOR THE BLIND 
* DEPARTMENT OF RESEARCH 
Report Ob. MentalAgce 
Born //30/)5 Examined 2 |N42- 
Admitted “4/5 4/// By (2Cy | 
1 Os 
REMARKS 
MEASUREMENTS. 
HEIGHT standing /#2.% cm 9¢.2 in. GRIP right /5, /4, /> ke. Ib. 
66 sitting 78. a ‘“ 30. y. 6 66 left ie /d, ee 66 3 
WEIGHT Br 7.5 Bes. ‘a Ib. LUNGS capacity 277 7 c. c. 7 Y cu. in. 
73 
(Psycho-physical curve for (This child’s psycho-physical curve 
child’s present age-_/72_). drawn for a child of age ey 
i213 | Ly 20 


__ PERCENTILE CURVE EXPLANATION of DIAGRAM to the LEFT 


HEIGHT 


SE ee tog The irregular line drawn (ACTOSS: the printed 
Tee i Te form is called an anthropometric ‘‘curve.” It shows 
inne: how this child compares with a large group of 
g oe | children of his own age (and sex), in the various 


measurements given at the top of the diagram. 100 


he figure at the left of the horizontal line 


| that is crossed by the ‘‘curve’’ shows that the child % 
is as good as that per cent. of normal children of his 
| ae 80 age and sex in the measurements given at the head 80 
of the respective columns. 
= 70 Forexample this child is as good as 70 
wa 60 per cent. of his- age, in standing height: __ 60 


per cent. in sitting height_ 7 _ per cent. in 
weight, etc. 


60 
EXPLANATION of DIAGRAM to the RIGHT “~ 
80 

20 


On this diagram a similar curve is drawn for 
the age at which this child would be normal in 
height and weight. In other words this child's 


measurements would be ‘‘normal’’ for ee tele 10 
y 


e year old child. 
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Average Results . 
_In 1890, Mre Ee EB. Allen, oar Dire ctor, who was at that time | 
_. 4n charge of the School for the Blind at Overbrook, used the 
Sargent chart to see how the pupils there compared with the average 
of their sex and age, in standing height, weight and lung capacity. 
Mr. Alien’s results seemed to indicate that on the average, the 
blind were below the seeing in physical development. Since that 
date, physical education has been widely introduced into the 
schools for the blind. It was thought worth while to find the aver- 
as for these three measurements, in connection with this survey, 
to see if any change had occurred in the level of tivetead develop- 
-. monte Taking the Smedley tables as standard, instead of the Sargent 
ones, the pupils at Perkins Institution apparently test close to 
normal, physically. {See Tables I and II.) But this result is so 
far contrary to what observation would lead one to expect, that it 
led to an inspection of the distribution of measurementse This 
soon showed that the averace was not a true indication of the real 
_state of affairs. The frequency tables, (Table III), show that a 
great many individuals are far from average attainment. It can 
also be seen, by a glance at these tables, that the median would 
be no more fair a method of judging the measurements. Table IV 
gives sample distributions which show the chief modes. Including 
those who fall below the zero percentile, 36% of all the pupils 
are below the ten percentile in right grip and 35% are below it in 
left grip. In standing height 19% are below the ten percentile, 
and in sitting height 27% are below. In weight, 15% are below the 


ten percentile and 22% are above the eighty-five percentile, making 
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a total of 37% of the pupil-population of this school which are at 


the extremes in weicht. 


Yet the table of averages, (Tables I and 


Il), give the impression that the majority of the boys test around 


the fiftyepercentile, and the majority of t-e girls at the fifty- 


one percentile. 
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Correlations 


Since the results obtained from working with averages were so 


unsatisfactory, it was decided to use correlations only, in finding 


out what relationship there might be between intelligence ratings 


and the standings in the different measurements. 


were worked out by the Rank-Difference Method. 


The correlations 


It ws decided to do 


all the correlations for the boys before starting on those for the 


girlse 


for the girls were never donee 


As was stated earlier » the result was that the corvelations 


Table ¥ gives the correlations for 


the boys when all 130 of them were included, 


Although positive results were obtained between the 10's and 
| all the measurements except weight, none of the correlations was 


“high enought te be of any diagnostic value by itself. 
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Since the results might have been unduly influenced by the 
Wha hous of adults and by those of younger pupils who had 
special ‘disabilities, correlations were found for the ninety- 
fale veys who remeined after these had beem eliminated. All pupils 
over eichteen were considered adulitse The statistics on special 
disabilities are seant and unreliable, but the twelve pupils whose 
disabilities were definitely known were exeludeds (Table VIII) The 
correlations obtained after the elimination of adults and specials 
are noticeably higher. (Table Yi.) The figures for Lung Capacity 
and Psycho-Physical Aversge would seem to indicate that they might 


serve in a supplementary series of tesise 
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be fairly representative of the school as a whole. Since this is 
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about the age when boys should be starting on another period 


of growth, we found the correlations between their mweasurenents 
and their intelligence ratingse The results are noticeably 
higher, with the exception of the correlation for lung capapeity. 
(The reason tor the »07 there would be interesting to discover. ) 
Nevertheless, even these correlations are not high enough to be 
of much diagnostic value. This is apparent from « glense at 
Table VIL, where it is seen that the correlations reach .50 


only in weight and in right crip. 
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From a study of the tables, the curves of averuges, and the 


frequency table, it is evident: 
le That there is an undue proportion of pupils who test 


in the lowest percentiles, and 
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2e That averages end means are not fair criteria of the 
true wighe of the schools ‘The averages all fluctuate around the 
50-pereentile, thus making it appear as though the pupils at the 
Perkins Institution compared very favorably with public school 
children. The mode would be a truer expression of the results, 
since there is a constant mode appearing in the 1 to 10-percentile 
group for each otietttiek Byven the mode would net be satisfactory, 
however, becausé some of the measurements have two or more modes, 
as in the figures for weight. 

After earefully studying the data for the purpose of discever- 
} ing what relationship might exist between intelligence athens and 
ind standings on the different psycho-physical measurements, the 
following conclusions were reached: | | | 

: le Except in the case of Weight a positive relationship 

between IQ*s and psycho-physical measurements is founds : 

Ze The elimination of the adults and specials raised all 
the Gérrelations ‘noticeably. In fact, Lung Capacity ied Psyeho- 
Physical Average, ie high enought to warrant their isaac in a 
supplementary series of tes 8 7 ey 

3. The use of the individual curves should be continued | 
until sufficient time hes elapsed for it to be known whether choo 
who are nearly normal, mentally, exn be made so phvsieally and 
psycho-physically. It would then be most interesting to find out 
if improvement in these measurements would mean improvement in 
accomplishment ability. 

Future Work. 
It is hoped that, at a later date, the material can be re- 


examined, with the idea of determining whether or not there is any 
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connection between standings in right and left grip and vital 
capacity, and accomplishment ability. If the psycho-physical 
measurements eould be shown to bear some relationship to ability 
to divest attention to the task in hand and $e school grades, 

. there would be on criterion which, although probably not very 
accurate, could be used as a tentative standard on which to 

make an assumption in a school of this sort where so many pupils 
enter at the ages of nine, ten, and even fifteen and sixteen, 
without having formed any habit of mental industry. A group of 
the pupils in the lower grades will be worked with, in connection 


with this probleme 
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a Special Disability Cases for the Girlse 


cae 
MeCusker, Me Epileptic. 

Nerdsimovies,A. Prebable incipient myxedema. 
Dewerger, Ls» Right hemiplorias FPosrible epilensy. 


Fe 


Demers, we Probable glandular abnormality, resulting in 
excessive fat anc doniness. 


34 Thert gs & 


Eastman, Ae One leg much shortenede Severe rhoumatisn. 


a Beformeds 


7 


Note: 


= heve just figured out the eerreietion: for the girls, using the 

Otis © rrelation Charts. The use of these charts may qua/se the eorrela- 
tions to vary a fewopoints, but not enough to make any material difference, 
I think, The results are not what we would hope for from the point of 
ylew of simplffying our results. The easiest way to show the variation 
‘between the correlations fer the boys and those fer the girls is to give 
two charts here, the first showing the correlations for all the boys 

and ell the ¢irls; the second showing these for the boys and giris 

after the adults and special disability eases have been removed. 


I. Coefficients of Correlation between Physical and Psycho-Physical 
- Measurements and Intelligence Cuotients for All the Boys and All The Girls. 


Measurenents Standing Sitting Weight ma Left Lung Physical Psy.-Physe 
uetipa cht Height Grip Cap. Average Average 


‘as | ee caf [of af = TO 
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| 4 Te Goefficients ef Correlation between Physical and Psycho-Physical 
Weacurements and Intellizenee Quotients, after Blimination of Specials md 
Adults, for thé Boys and Girls. 


Corr. “Ge, BOVS 


| Measurements Standing Sitting Weight mex Left tung Physical Psy.Phys. 


age 2 | Sei ght Height ue Grip Grip Cap. Avernge Average 
> SSE oy Sens A 238 258 | 644 | 227 Al 
Corr. for Girls : | 
ail ek e25 


| The correlation for the pat in Lang tnasuelels is not as high as we 
expected. Nevertheless it may be that ehorus training is the cause for this 
correlation as well es for the high correlation the boys had, only in a dif- 
ferent way. It may be that fewer boys continue to take chorus and that more 
of the girls who would naturally have poor lung capacity, comtinue to take 
it. Before we can know about this, we will have to cet ficnres as to 
chorus from Mr. Gardner. . 


The elimination of the adults and specials for the girls did not affect 
the correlations as much es it did for the boys. This is probably because 
of the larger number of accident cases among the boys 
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